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1020030020432 #^ <^*}: 2003/9/8 

[AH US] ^§jg@}AH 

[a a?*] mm 

0002 

[XllMSXH 2003.04.01 

[g*S2| S§] gT3 SAI §X| §J 3 SAI EHy^ ^= 

[^ h S°l §?SS] LIGHT EMITTING DISPLAY DEVICE AND DISPLAY PANEL 

AND DRIVING METHOD THEREOF 

[*«!£!] 

^-^CHI^POhOI ^^SIAh 
[§^^3E] 1-1998-001805-8 
[CHE|oj] 

[□El 21 3 HI 9-2001-100003-6 
[XigSBEIAU 0|£!S! 
[SS*|gJ§*e!fi] 2001-041982-6 

SgS^I] KW0N.0H KY0NG 

[^EIS^ES] 550407-1023118 

138-240 

[^] Ane^^Ai Aiaie imiom^ um 1102m 

[^1 KR 

^□i^smei (el) 

20 S 29,000 

[3fili_as] 33 3 33,000 §! 

0 2 0 ?! 

[£IA>S?S] 40 m 1,389,000 m 

imm 1,451,000 a 
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1020030020432 2003/9/8 
[§¥Ai#] 1. asf/H- 9A||/H(£ES)_1S 
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1020030020432 %^ <£t.\: 2003/9/8 

^7>7> ^^51^1 H^T^Ei^r -8-71 ?] 7] ^ 

^7V^ *fll ^l^^l H^^l^E^l- Cfol^JB ^EflS. ^^Al7H, 

1 i*Hr ^12 »H -§-#*M H^fl^l^B^ ^<y-<Hl tfl-§-*Rr *ll 

1 7-l^ch A2 4l*Rr ^A>^O.S^-Blol ^Efl A]Jr6|] -g-^H 

t-flolE-!^O.S.^-E^ tflo}Ej AlJll- ^dW, ^112 afll ^7} 

S.^21 cflolE-1 ^ofl tfl-§-^ ^12 t^^t}. Xl3 ^3 

-g^*}^ H^l^^E^ ^ ^^-1- ^71 ^711^ 4l^>S # 
i^t}. HElJl ^1 ^ ^2 ^oj-g- ^ 7^^1-Jl ^1 ^ ^2 

71#^<H1 2l«fl 4^ ^13 >fl 1 H^^^E^ofl o]7l-5lol ^ ^^-7f -fM 

5. 5 

^-71 EL, TlsflAlEl, H^l^B], 7l#^, ^ ^ 
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1020030020432 #?3 H*}: 2003/9/8 

S A 1 ^ ^ S^l sfl^sf ^ a o v^ {LIGHT EMITTING DISPLAY 

DEVICE AND DISPLAY PANEL AND DRIVING METHOD THEREOF} 

51 ^7} ^}9] 7fl^JEolcf. 

£ 2tt ^ 71 <y « D VA1^ ^ -7}. g|5.£o]4. 

51 4^r ^A]d\)6\] nHE- $-7} EL S] 7flef*j<y 

£ 5, 5L 7, 51 9, £ 11, 51 13, 51 14 ^ 51 15^ AA ^1 vfl • 

51 6, 51 8, 51 10, 51 12 ^ 51 16£- ^ 51 5, 51 7, 51 9, 51 11 ^ 51 
15^ ^ ^^>7l ^tt ^ s}-^5lojrK 

-fM ^^^electroluminescent, °}*>\ EL°|e}- *}-) ^ofl Q-eL 3} 
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1020030020432 #3 2003/9/8 

^ 3.*} ^l^i, N>M7fl^ -B-7] ^iSl-g- ^ ^ ^ 

<3^M: ^ 2151^ 3<H SU^. ^leltb -8-71 ^%4.^r E M-Er 

ufl w}<4 £o] ofl ic c (IT0)) o. 7 ) ul-t^ ( met al )^ 7HJ1 

-H-71 #*j-<4 ^-g. #7]1 «H «V^- 7] 7 1 ^ 

^-^(emitting layer, EML) , =r4^(electron transport layer, ETL) 

^ 3* ^^(hole transport layer, HTD* 5L^tr A% 723. o]^^^^, 
atr ^lA ^#(electron injecting layer, ElD^r ^ ^fKhole 

injecting layer, HIL)# i^r^-JL 

(passive matrix) a J"^3f wVei- B$*l^El(thin film transistor, TFT) 
MOSFETfr °l-§-*r ^-f- ^(active matrix) ^ °1 £14. ^ *flB^i « 0 v ^£r 

* y o^^ ^ v JE^l^sq- 7isflA]Ei-I- ITOCindium tin oxide) 

7| 3xfl A] E-] oj] Jfrx)A}7) 7 ) ^fjfl <£7}S\±r 41Jl^ ^Eflofl ^ ^ ^ «J- 

7}^ (voltage programming) H o v ^4 ^-ir 7] ^(current programming) 

-^-71 EL 3.*] cfl^H ^tr^r. 
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1020030020432 %^ 2003/9/8 

<n> i 2^ -fr7l EL ^Vl- ^Z}7} ^Efl^ ^oj- 7] og ^ ^ 

3.*!, N>M7fl^ 5fi # ^M-l- tfls^o.^ %o]v).. s. 2«. -ft- 

71 EL ^KOLEDHl H^^l^Bl(Ml)7> fl^r 

^BKM2)S] XMH<H|fe ^HH(s n )o) <£^s\o] oiocj ( ^ 
3l°l^(D m )°l o^S)^ ^t)-. 
<12> oj<q. 7^o_ ^.^o) ^^.o. ^ji^ f H^1^(M2)S| XI o] 

-^-E^ c-]]o]E^ &<£o} B^l^Bl(Ml)^ TflolB^] °J7^4. ZLBUS 

(ClHl TflolHSf A>o}ofl *l<y-(V GS Hl tfl-g-*H B^1^E)(M2) 

°fl ^^-(Ioled)7> * = ZL, °1 ^^-(IoLED)^ ^fl-i-^H -B-71 EL dt*K0LED)7> ^ 

<13> ojnfl, ^-71 EL ^KOLEDH) jLi^ *}J=i=. cf-g-S] lsf ^cf. 

<14> o 2 B 

1] IoELD= 2 (^GS - ^77/) =2 (^CD - I ^77/1) 2 

<15> ^7H, i 0LED ^ 0.7I EL d^KOLEDH JLisL^r V GS ^ B^^^bKMI) 

51 i^S)- XlolB A)-ojo] ^<y- ( y TH - B^l^EKMD^l V DATA ^ *HM 

*\ fi^r ^ M-E}-^. 
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1020030020432 #^ GJ*}-: 2003/9/8 

c-flolEi ^oj-o]) tfl-g-s}.^. ^7} -fi-71 EL 4i7}(0ELDH ^^"SlJl, #fMl 
tfl-S-*H "fM EL ^>7> ^Cf. olnfl, o]7}-£]^ C-fl o] B\ ^Sf 

zl^cHI o]<4 ^ ^sflo] 7 )<a sj-i S^Hfe alls 

(electron mobility)^ &x}3. *l*fl -HTflS-I- «g7l ^^4^ ^r*H^°] «i 
# M , 3VS. 2}-^ ^1§Hr ^-f 8W1HC256) 31 2 # 

*>7l ^§fl^i^ 12mV(=3V/256) #3-^-3. H^H^l^E^ TflolH^l *I<?M- ^7> 

£*f7} 100mV<a ^-Mfe- Jl^lSl- S^*>7l o^^cf. S ^ 0)^-^2) 
°l*fl p^oj ^Ef^S c ^ J7 Til 2:1- S^^>7l °) ^ Tfl ^t}. 

°l°fl l^fl 7l^ « 0 V^^1 5)-^ 5\g_^ ^ 5)S.cHl -g-^^r *1 

s.^ol 5)1^ ^^11# ^-5fl ^<£*}x^31 ^ 2\ Sj-^uflol ^£ B^fl^l^Ei7l- 1-5- 

i 3£r -H-71 EL i« ^^>7l ^ 7 }<$ ^ S\S. 

7lEL ^(OLEDHl H31*li:B)(Ml)7} ^-g; , h 

^^l^Ei(Ml)^ ^^-^ H^1^(M2)1- -f-sfl o]7Vsl^ cflolE-l *lfMl 01^1 
^1H51£^ sl^^cf. 
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1020030020432 #^ 2003/9/8 

^>^(s n )o.s^-E^ £]*fl H3M^eUM2, M3)7> ^ 

^A>Ai(s n )o.S-!fE^ ^1X7> §>o] efl^ol £M H ^1^012, M3)7> 

tfl-§-*Rr ^7} -B-71 EL 4i*K0LED)5. ^ °1-^<H*14. 
°H, -H-7] EL ^KOLEDHl jLli.^r ^^.^ ^*]-ai 2 <4 ^cf . 

[ qrV Al 2] I OLED^ GS~ V TH) 2 ~ 1 DATA 

<^7}*\, V GS ^ H^^l^Bl(Ml)^ ^2}- TflolH a>o)o^ #<y- ( V TH ^ Hq£^l 
— &| (Ml)^| S^^, ^ M-Ef-flcf. 

2 ofl>| ufE^ ^ -H-71 EL 

7) el i*Hl ^I^-(Ioled)^ u M1 dH] ^^-(I D ATA)^ A i ^ 

^» #<H, -^*} TlsflAlBi^} 30pF°lel- 7>^«- ^-fcHl ^ n A 

ofl^i ^nA ^51^ nflolE] #ff-3. cflolEi^o] f^*}3ji£ ^ ms S] aI^o] 

€-9-T5}t}. o]i- Ef-o] Al^V(ii n e time)-!: isj Sfll- a] 

^^l^o] oicf. 
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1020030020432 <£t\: 2003/9/8 

^ Al^l- 4^T^ ^RI, ^A)-A}o|j 

fe, ^ XU H^liEl, XU Xl3 X]l ^ XI 2 ^ 

^fl^l^Ei^ 7]7] «^ ^ ^ 9 f^sM XI 1 £ X12 ^ 

XH 3^h§- 7>^rf. xU i^^l iXfe X)l XH ^Jli -g-^H ^"71 
XI 1 B^A]^Ei# cH_£t= ^Efls <a^^l7l^ ( XU ^ ±7}^ Xl2 XH *J3L 
ofl -§-#*H ^-7) X)l B31*1^E^ #<&d\] tfl-g-SHf- XU *i<y-g- 

tflolEl X}Jr.g. ^*>^ ? XI 2 ^7\±= ^7} X]l ^fl^J ^>S-JfBl^ CflolE-1 

cfl-^Rr XI 2 #<g-§- XI 3 4ia}^ XI 3 XH ^l^^l 

<eH*M #7j XI 1 B^^B-fE^ ^ ^^-S ^ ^ s ^^*Vcf. # 7 | 
X]l ^ X12 *iSM- ^ ^ ^> Jl oi^ xll ^ X]2 ^>o| 7|#^ofl 
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1020030020432 #^ <H7}: 2003/9/8 

^€ *I13 ^7} afll B^l^EH 9l7\S\^ #7} ^ ^7} ^ 

<26> ol Txfl , 7fl2 *1H {11, ^ ^11 ^ ^13 A] ^ ^O.^ o]o]]o]^-S)^ ^ 

<27> {J- 7 | g).^ *fl2 {Ilofl -g-^M ^£rSH ^fll^l ^1 

^E^ *H ^ofl ^^fe *l)4 di^>» Cl i^}fe a>#^3r>Cf. 

^sfl^E^l ^sfl ^5]^, ^*}fe *fll ^ ^ 

4 ^14 ^)12^ A>o]ofl <g^Sl^ ^2 ^5flAlE^ ^1 ^5flA]E^ tg 

<28> 7\]2 {life -A>Aj0.^tL E ^ ^V 7 ) AlEH Aljroj ^ olc}. ojufl, 

*fi4 ^fl^ ^-7) ^ {113] v]^d\]o)M. ^-£6\]X) tf. 

<29> ZLS]J1 afll {11^ o]^ fAj-AjO^H^oj ^ ^ ^ ^A]-^ 

^ ^AjO^u^oj ^EM a] Jroj] -g-i^H {J- 7 ] *fll H^fl^liBl# ^ 

^ ^-71 SsH^liE^l- cfol^.j= ^Bfl^ ^^Al^l^ *fl3 HSH^l^Eil- i^-tb 

^. 

<30> £*h ^2 {life ^^{jO^LE^ {iBH A]Jr ^ ^-7) ^3 *\}o] 

{IIS ^ 91^}. Q )^\, sj-ii slSfe {>7l ^4 i^^l 
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1020030020432 #^ 2003/9/8 

*fl5 i^^l i*}* S.#SM, XH ^ Xl5 i^^l i*Kr o}^ 

SL^t}. s)-^ XU H^fl^l^Bi , XU tflxl XH «v 

% X]l ^ Xl2 if-*Vcf. XU B^^liE-|^ XU ^o^g. ^ 

^ 41 XU ^ ^^-^1 ^^slH, XI 1 XU H^l^ <2] 

^*fl *\)2 i^^l i*Rr X]l B^l^* 4o]^c ^BflS <£^*}?) 

XU ^IJlX] XHsM, Xl3 i*}^ XU H^^e^ XH 

^°\] ^fll^l A2 XH ^IJlXI o)gfl xH€t}. xl4 

XU S^liEls] x)2 ^ xU^l <£;g5H X| 3 XH X)S.d\] ^o)s) 

*H2#-4 X]2 ^-*Rr Xl2 Afolo)] <g^^cf. XU ±7*}^ X)3 

^$R1 ^X}7} XI 1 H^^l^Bl^ XI <H XI 1 ^ ^ A>olofl 

<g^£]iX, X]2 4i*Rr X13 ^^|-7> .£.5. -$n<£ nfl Xll S^X^fi] 

X1<X Xll ^ A>Ololl C^^t}-. 

4 ^*fl ^ tj| ^-^Xl "4^.^, ^AfA] C_5.«-E^ A]^ 

^^Ml tti-g-^M ^ *fll ^ X]2 ^ ^^-4 XH #^h§- 7>x] 
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1020030020432 ^^ Qx}: 2003/9/8 

*f|2 7-R v =£*H ^ ^12 4ix>» tI^^h H^fl^l 

-§-^H #7] H^fl^l^El7> T^H^c ^HflS. -S^lSM, A]2 *)H ^l^^l 3] 

toll -§-^H ^-7] B^S^l^E^ *1H ^^-Sf ^ ^ ^H°fl 4i 

3.^2) ^ U AjEP Aljrofl -g-^H ^71 *fl2 i4o|| t-llolE] ^-ff-ofl cfl 

^ *fl2 ^>7> #7] H^H^liE^ ^]o] ^^-4 *U ^ ^ A> 
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1020030020432 #^ Qx}: 2003/9/8 

^i^VJl, *fl3 i^^3 ^Hl °A7}*\^ m ^Ji* c^Hl- efl^s 

7>£l^ ^1 ^ #Jl-I- t^oflojM. ^ cil ol Ei ^fl-g. ^ttcf. ^-^ 

31 ^ #Ji-I- <y^Hl- e||S ^l^ff* ^*}JL, 41 ^ ^12 

^13 #71 B^l^Ei^ ^ 7)1 o] h ^ofl ^17>^>J1, xfl3 ^1 

#>*fl*l ZL&m- -S- <^E| 7>^1 #Oj*> ^Hfl^. ^ 

<^mh ^hh e>^q-. 

^}^^-. ^^)# ^^^b 
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1020030020432 $3*}: 2003/9/8 

<38> o]^| M^o} ^Aloflofl ttj-S. 0-7I EL S*l ^ ^ ZL 5)-^ 5]3.<4 ^ 

u o v ^°fl tfl*H ^-jis *M -SMI «M1 

<39> £ 4# t£*H £ ^3 ^Al^)ofl iq-S. 0. 7 1 EL IA) tfl 

<^ *MI*VtI1 ^^W. £ 4^r ^Hd| a}- s. -fj-71 EL 3*1 ^l^l 

<40> £ 4 6fl q-Ef^ ^1, £ ^*HH ^ -8-71 EL 

-8-71 EL 3*1 sfl^(lO), ^«.(20) ^ c-llolE^ ^^-(30)* i^-tb4. 

<«> -8-71 EL 3*1 4^(10)^ *3 ^ 9X^ 4^ ^MiH-SCDi-Dn), 

1 U-^^s. 4^ ^Hi(Si-SM, E!-E M> Xi-Xm, Yi-y m ) ^ 4^ 5). 

^ 3 S( 11)* ^oIeI^CDi-Dn)^: 5}-^" ^lS* M-EHl^r t±3L 

♦ ^ si^-Cins ^^H, ^>^(Si-s M )^r ^ ^ 3 

3}-4: 3S(lD^r ol^tb ¥ ^^^^(Di-Dn)^ ©1 ^ ^ ^a>^( Si _ S 

s.(iD^ *W*Hr ^ ^^H, ^RKXi-Xy, Yi-Y M )£r ^-^1- 

^ a?s(ii)sl *)H*>7l ^ls* #^13-. 

<42> -A> ^^«.( 20 )^ ^AfAi( Sl -S M( Ei-E M )«^1 ^JL^ ^ Ajif 

*!7>*M, £^ -A>Aj (Xl -x M , Yi-Y M )ofl *W <0^# ^Ho.S. <?1 
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1020030020432 #^ 2003/9/8 

^r*> ^-¥-(20) ^/2^ c-flo]e1 ^^Jf (30)^ 5*1 2}|^(10)^ ^7l^o.S 

^ s^r a^i ^(ioh ^7]^ o.s sa^r 

°1 = fflsH 3fl7]^l(tape carrier package, TCPW ^ f-s) 4 s $X 

^.(flexible printed circuit, FPC) €#(film) ^ ^Hfls. 

€ ^r-£ 9l°-*\, °1* CoFCchip on flexible board, chip on film) "<HHe|- tr 

cf. ^l^Rr ir3 ^} ^§-^(20) ^/5E^ c-fl o] Ei ^«-( 30 )^ 3fl^£] -ft- 

3 7l# ^ofl 31^ ^-3}-^ ^xr , SE^r -fM 71^; $\°\] ^A>Aj , c-fl o) 

3 ^A v € &t*. CoG(chip on glass) ^ole)- tfCf. 

^HH^Hfe 5L 5 ^ 51 6* ^Al^ofl 4a 0.7I EL 

^HH tcj-€- 2f4i -^7} 5)3.51 £ 6^ £ 5^1 sjS* 

71 ^tr sl-^iEolcf. zleIji £ 5*11*1^ jgo^i- m ^^ fl 

-R-71 EL i*K0LED), H^^liBl(Ml-M5) ^ 7i si) a]e1 (Cl , C2)# , H$ 

*1^eKM1-M5)^ PM0S S^l^EiS $14. °l^tr H^l^-b 

sfl^UO)^ 71^- ^ofl ^£)^ 7flo]E 3^ c e1 ]o] ^q. ^ 
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1020030020432 #3 ^*>: 2003/9/8 

yj-yj ^}o\ ?m 27flal ^(main) 3^.5. 7^^ yvuv H^l^o] ^o] 

^(M3)7> o|cf. H$*]^Ei(Ml)^r TllolH^ AVojofl 

(V GS H tfl-§-*Rr ^I^-(Ioled) » H^^]^Ei(M3)^ ^>Al(x n ) o.S^f 

o^Al^ltf. ^sflAlE^(Cl)^ ^(VDD)^ B^7]iBl (Ml)^l TflolH Aj-Ojofl 

^^M, ^^1^eKC2)^ ^(VDD)^ H^^]iBl(M5)^| ^l^ A>olofl 
^tf. oiE^tV 5HsflA]Ei(ci, C2)^ H^^liEla] tIIoIh^ Afc^ ^<y-o. 

^S]^, B^^1^(M5)^ ^A>Al(Y n )^S^o] ^o] Ai^(CS2 n ) 
oil -§-^H ^sJWeKCI, C2)«- ?1#^Al^cf. 

H^1^E](M2)^ ^Aj( Sn)AS «. E ^ AlEH A]^(SE n )oll -g-^H HHe] 
^(D m )^.S.^-E^ cjolE-l ^i^-(I DATA )# H«^E|(M1)5L ^^*Vcf. 
Bqfl^l^E^(M4)^ H^fi^liEKMl)^ ^efl^lJi). -^-71 EL ^KOLED) a}°)<>\) <£^Z\ 
C H, ^>^(E n )o.S.^-E^ Ai^(EM n )^l -l-^H S^^l^EKMl)^ 

^^•(IOLED)-l- -fM EL i^KOLED)^ ^i^-^t^. -H-71 EL i^ROLED)^ 
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1020030020432 2003/9/8 

£ 6t 1^, ^ ^KTlHH^r A]^(CS2 n )<^l H 

$*]^&|(M5)7}- e^sH AA^\(£\, C2)^ B^S^l^Bl(Ml)^ TlHH^ 
*><>HH ^ ^^tf. ^isli s-f *\)o] Ai^(csi n )<^l s)n Hqfl^li 

B31*]^E|(M1)£] -g-^ ^^-(V T h)°1 S*V *M 3)^0] hv^- Al^( EMn 

)ofl ojarfl H^^l^E-1(M4)7l- ^^.^S]^ -ft-7] EL 4:7}(0LED)S.^1 7.}&S\ o] 

^-#(T2HH^r ^lJl(CS2 n )7> *}o) efl^ s\o] ^f&x\+t](U5)7} ^ 

^.HSlJl, ^l^(SE n )7> S-f efl>|S. 3<H H^^liEl(M2)7l- H^tf. ^ 

-SLIE^l H^^)^Ei(M5)ofl ^«fl 7i2||A]EKC2)Tr #<y-°l ^3HH Ss.^ 

t]-. ZLEjjL H^^l^Ei(M2)^l ^Sfl c-11olE^(D m )^.S^-Elo) q]o)&\ 

^■^-(IdATa) 7 !- H€^1^E1(M1)^ Jl=7ll ^Cf. ZLE^ C-flolEi ^^-( I DATA H tfl 
-§-*H H^fl^l^EKMl)^ TflolH-i^ ^^-(V GS (T2))ol ^S\JL, 7]]o}B.-±^ 
^ < y-(V GS (T2))ol 7l3r)]AlEKCl)oll T^^cf. H^^]^Ei(Ml)^^- z\]o]b\ 
^^-(lDATA)7> *s o S Cfl o] Ei ^=-( Idata )^ 34 ^-o] q-E}^ ^ olOBj 

. 3^5.^- Ei ^-?J(T2HHo] 7llolB-4i^ ^° t }-(V G s(T2))^ 4S. ^ 
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1020030020432 #^ 2003/9/8 

<51> 3] Idata=^W gs {T2)\-\V t S 2 

<52> 

<53> <^7H, -sn^m. 

<54> cf-g-, ^#(T3H*m *H *)H ^lx(CSln) ^ ^ ^lJUSE n )ofl 

-g-^M H^fl^liEi(M3, M2)7> S-f *1H ^l^(CS2 n ) ^ * 

# ^]J:(EM n Hl .^-sfl H^^1^BKM5, M4)7> ^i^r^cf. B^1^(M5)7> 
^ ^slHEKCl, C2)^ Tl^^ofl o]^ ^KT3HH£) S€*lifcKMl)2] TflolB- 

<55> /-> 

<56> o]7]*}, Ci ^ C 2 ^ ^ Ti^^CCl, C2)^ t^a^^cIt}. 

<57> H^l^EKMlH = ^ ^^-(IOLED)^ 65f ^o) £]x^ > o] 

^^•(l0LED)^> B«^bKM4H1 -B-71 EL ^KOLEDHl ^ v 

^-o] ol^^iq-. ^ ^#(T3HH^ ^n^UCl, C2)^ 
o] ^5)51 -B-71 EL ^>(0LED)^ oj^^^lcf . 



<58> or r. \z / r \2 

6] 
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1020030020432 <&A- 2003/9/8 

<59> 6^1 q-E}^ H>Sq- -^-71 EL r£7}(OLEDHl ^^-(IqlEd) 

^^V7> SLtf^ ^ &cj-. -^-71 EL ^KOLEDH] 

£m ^i-^(IoLED)^ ^^-(I D ATA)°fl Ci/(C!+C 2 )^ & 

°H=h «r<H C 2 7> Ci^ Mtifl(C 2 =M*C 1 )el-^, ^^-(I 0 LED)°fl ^*fl (M+l)2tifln>^- 

€■ 3HBi *ifKI DATA )S^ -n-^l EL ^(OLEDH JL = ^r *M1 § 

^^•(IDATA)* ^^-^H-S C-flolE^^ ^ X]^ ^g-Z) SM^ + ol^ 

<eo> .a. ^Al^ofl^^ e^^^eKM1-M5)# PM0S H^^l^EiS ^ 

eYS*]^, °m NM0S H^^l^ElS. ^ 91^-. o}h1HH^ °1 &i *V 

<Hl tfl^H £ 7 ^ £ 81- ^S^H 

<61> £7f ^ ^12 ^AHH tc^ 2}-^. 5)^.3] ^-7> SlS-Solo^ £ g*. 

<62> £ 7<H1 q-E]-^ 5^5. oil H^^liEi(Ml-M5)7l- NM0S H^I^JL ^ 

o i o c j > ZL ^ ^3^r £ 5^1 3^ ^SSf tfl^ ol=cf. ^Hl^Tfl 
^^V^, H^^l^Ei(Ml)^ 7]§ ^1^1 4i^7}- ^^£]J1 e^^^Ei(M5)ofl 711 
°1H7> ^^sH SU-^, H^H^^eKMI)^ TlHEsq- ceflol A>olo]l^ H*a*l^ 
EKM3)7> <£^s)o] olcf. ^sflAlEKCDfe 7l§ ^<y-4 H^l^EKMDS] TllolB 

A\o}6\) c^Sj^, 7lsflAlEl(C2)^ 7l§ m^^l^(M5)^ AfoHl 

^^^^f. H€^]^Ei(M5)^ ^2^ H^^l^Ei(Ml)^ THolEofl ^sH, e 
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«*liBl(M3, M5)^ 711o1b<H1^ AA ^Hd(X n , Y n )o.S-?-E^ Al^(CSl n> 
CS2 n )7> °\7\Qt\. B31*l^EKM2)^r ^A]-^(s n )o.S^-E^ ^ 4lJL(SE n Hl 
-g-#«H tiHEi^(D m )0.ji.JfEi^ c-flojEi ^^-(I DAT a)# B^^I^eKmds £^$r 
A. B*ffl*l^Ei(M4)^r H^^l^E^(Ml)^ EefJ4 ^7) EL r^KOLED) 

EL ^XOLED)^ B^*liE|(M4)£]- #Q ^^(VDD) <£^Qz±. 
<63> £ 7^1 2)5.^ NMOS H€^1^E)S. S. 8^1 M-e)-^ 

tflsj) 7L*)t}. ^ ^12 ^Aj^oi] 4^ 5}-4i *Hltb 

<64> ^! ^ ^ 2 ^AHlofl S]*}^, H€^1^EKM1-M5)7> S.-^- ^QJ Ef 

oj^ B^^I^E^OIH^ S A] 2(1^(10)^ ^-E) 7]% ^ H^^l^Eil- ^ 

<65> -g- *fll *J ^HH^ B^xl^Ei(Ml-M5)l- PMOS S^r NMOS 

BsH^I^e^s -^^f^l^, <>H1 *V^s]^l <£jl PMOS^q- NMOS^l ^> 

tV 71 ^-g; fj}^ CfS. ^>S. ^ ^14. 

<66> ZLElZL M^o} ^ U ^ ^ 2 ^AHHAl^ ^ 7 fl^ Al^(CSl n> CS2 n ) 

*\)o]Q ^ ojcf. oVefl^A-l^ ojei*)- ^aHI^ cfl^>ol £ 9 ^7] £ 12# 

^-S^V^ ^1^711 ^^^"4. 
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^ -E 9^1 ^-i ^^}7] s\-^S.o]t\-. 

*1^eKM2, M5)* Xl^^>^ XI 1 ^Hl^}- 7>^cf. B^l^E] 

(M2)^ NMOS B^l^EiS. ^^s)<H ^o.^, H^^l^Ei(M2, M5)^ TlMHfe ^ 
*Kd(S n H **.2.3. <£^s\°] 9X^. ^, H^£^^Ei(M5)^ ^>^(S n )^-S.^-Ei 

(SE n Hl E^1^(M3, M5)7> ^^cf. €£r€ H^1^(M3)^1 

(Ml)^l ^ ^(VthH *l#€i=h St!- «W sfl^o^ ^ A]s(EM n )ofl ^ 
S^^l^Ei(M4)7> ^H^H -8-71 EL dt*>(0LED)S.£| ^7} *}&s\°) &t\.. 

^KTCW^fe ^S(SE n )7> ^>ol ifliSs. s|ol B^^1^(M2)7> ^ 

B^^l^Ei(M5)7> ^^.H^cf. ZLei^ TlsflAlEi(Cl)^^ 4«H| M-Ef 

Ml ^ < a-(V GS (T2))ol f^tf. olnfl, aJbh 4lJL(SE n H ^ B$*1^EKM2)7} 

€*3*r ^3T)]AlEi(C2)^ 4 s SiEl, O}* ^ S]-7l 

3)n S^^liEi(M2)7> ^^5)71 ^oil H31*liEl(M3)« J£ H^li 

E^(M2)7> €-8r€ ^1 tfAl H«^1^(M3)» €^mtj-. ^, *|bH ^l^(SE n ) 
7V *H £| 7 i ^o]] ^ Ais(CSl n )« ^V°l eflte aV^Al^lcl-. 
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<7i> £ *j]3 ^Al^^A-]^ x)u\x) ^Al<m^. ^^J-ns 

3. ^tg£. ^^cf. oje^v ^Al^ofl sl^, ^lJ-(CS2 n )« ^oHr 

<72> zl^jl *fl3 ^HHHTr B^^l^BKMl, M3-M5)» PM0S B€*l 

iElS ^<5}J1 H^^l^Ei(M2)l- NM0S B 31*1^ 5. ^ o-}^ a> 
cflS ^cf. o>eflo]lA^ oje^ ^HH t»<*l £ 11 ^ £ 12# 

<73> £ 11^ ^4 ^ S^o} ^-7} 2)S£ol^ ; £ 12 

^ £ 11^ ^ ^Sf ^§>7l ^tb ^ 3X1-^ SO] Cf. 
<74> £ nofl i^B^ ti><4 ^o] ( ^ i^o] *j| 4 ^Al^^l 4§ ^ B$ 

^1^EKM2)7> PM0S H^^l^EiS ^S}J1 H^I^eKMI, M3-M5)7> NM0S B$*l 
5*-°^, ^ ^ ^"S^ £ 9 Si tfl^-g- o^t}. 

a*V £ 12<H] H-El-^ ti}<2}- ^-ol s hoi ^ 5)^.=. ^-g.^>7l ^ 2)-^^ 

£ 10^1 ^ s^ofl tfl*fl av^^ ^Efll- 7V^1^. *fl4 ^AHHl trj-s sj.^. sis. 

2] ^ ^ cfl^flA^ ^13 ^7«1 oil Si ^^AS^-Ei -§-Ol ^711 <£ ^ ol 

O-JE-S. -g^-g- ^Ifth}. 

<75> _a ^21 ^ ^ ^14 ^aHHIa^ ^sflAlE-KCl, C2)# ^i^ ^°J-(VDD) 

^1 ^^}^}^, ^El ^2fl^]EKCl, C2)!- ^(VDDHl 

1^- ^£ °}eHl^ °1E|*V ^Al oil ofl 5- 13 ^ £ 14* 
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*13(C1, C2) ^ B^^]^eKM5)^ ^ ^^tb 
^21 7>^4. ^Hl*>7fl ^^flAlEKCl, C2)^& ^^(VDD)4 H^fl 

^l^Ei(M3) ^}°H 3] IS ^sM, H^fl^l^(M5)^ 7^1 sfl^l Br) (CI, C2)B\ ^ 

^sM, ^Hlt!- ifl«H 3E. 6 3E. 13^- %^^H ^^tbtf. 

<79> n^ f ^(Tl^H^r ^-f efl^o} yQ6\ ^lS(CSl n )^ *1) B^^^Bl(M3) 

^€ H^^liEi(Ml)^] $m ^n^(Cl)o\}^ S^^^Bl(Ml)^ ^ ^^(Vth) 
ol *\^5}51, ^5flA]Ei(C2)^ OVS ^4. ££^> 31^3 ^ ^!Jl 

(EM n H H^^1^EKM4)7> -ft-71 EL ^XOLED)^^ #if-7} ^ 

<so> ^#(T2)«1H^7 ^ll^l ^lS(CS2 n )7> *H eflfe H^^1^eKM5)7> ^ 

iLiE^Jl, ^ ^l^(SE n )7|- S-f zms. S\o] B^^]^EKM2)7l- U 

£r£ S^^liEi(M2)ofl t-DolE^(D m )O.S^-Ei^ cflo]Ei #=.(1^)7} 

^l^El(Ml)^ 5]<>| ( e^j^E^MDo} TflolH-^^i ^^(Vgs^))^ 
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<81> r> 

71 7a=|Vwl+ CM (|Vffl(32)| - |W 

<82> cf-g-, ^LKT3HHfe *H efl^ Al^(CSl n ) ^ ^lJUSE n H 
-g-^H BiS*l^Ei(M3, M2)7> ^^£]ZL, 5L^- efllB^ *]H ^JUCS2 n ) ^ ^ 
# ^!J<(EM n )oll 2\n H^1^E|(M5, M4)7> Ei^sjt}. H^l^Ei (M3)7> ^^.H. 
£]ZL H^^^B](M5)7l- Ei^s]^, nn*}t)(Cl)2{ ^^(Vci)^ WCTSHH^ 

(M4)°fl -^-7] EL ^(OLEDHl o^o^ ti. 



<83> 

[^r«H 8] 



/ ^-|{cfe (lv « ( ^-'M , -(c^) ,/ "™ 



<84> £ mJ-^o] ^loflofl^jE. ^aH]<2}- nj-^Hs -R-71 EL ^KOLED) 

^QA. ^OoledHI ^fl (Ci+C 2 )/C 2 ^ *fl^ €■ c-flolEi 

^Odata)^>I -n-71 EL ^KOLEDH] p]^ ^ = *|]o^ ^ JEL3., 

^-^>°5. cflojEiA]^ 3J-J±^- ^ 54 tf. 

<85> ^5 ^Al^oflA^ H€*1^bUM1-M5)« PMOS B^^l^E^ ^ 

^r^}^, °1# NM0S H 31*1^ 3. ^£ ^cf. o}eflofl^ o]e^ 

°H1 £ 14* %^S*H -g^^-Ei. 

<86> £ 14^ ^6 ^Al^^l oj-s. ^7> 2]5£o|4. 
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<87> £ i 4 ofl uj-B]-^ w}<2}- ^-o] ( t^o^ ^*HH 4=. 3^ HSH 

^]i^(Ml-M5)7> NMOS H^^l^E^ <&Slv\ , =L <£^_ ^2z±t 5. 133 

'sMi 2^3 tfl^l-a- oj^-cf. £ 143 3^ ^^>7l 3tt ^ 4^£r 

5L 133 s)if ^^>7l 3tb ^ 3^3 <8« 7>*H, £ 83 

^ 3^3 -g^W. *fl6 ^*HH 4€- 3^3 Jg- 

^ ^t!r3. 

<88> wVtgo} ^ tfl^ ^HHH^r If. 7 fl3 *lH A]Jr SE^r ^-1+^ *M 

ofl/^ ojal^j- ^Al^ofl cflsrH £ 15 ^ £ 16# ^-S^H ^Ml^Tfl -£^3. 

<89> £ 15^ 1^3 XI 7 ^HH 3€- 3^ 3^3 ^-7} S\g.S.o]u) t J£ l 6 

£ £ 153 3^ ^Sf ^^>7l ^tb ^ 3^:E°13. 
<90> £ 15^1 M-Bfufl ^-o], M. a|| y ^Al^ofl 4= s).^ 2^5L^ H$ 

*l^Ei(M3, M5, M6, M7)# *H3*)-£ -^H13 f^^t 7}^. t.\a\) 

*M A 4^^, B3M^3(M3)£r ^A>Aj (Sn _ 1 )o. s «. E ^ AjE« ai^oe^) 

°fl -§-^1-^ H^^l^Ei(Ml)l- cfoj^c ^Efls. ^^H, H^*l^Ei(M7)^ ^ 

^Efl^. £ 15^1^ H$3^Ei(M7)^ 3^(1^)3- HSfl^liEKMl) 

3 7]]o]H Al-olofl o^S]^ oj^nl, B$3iEKMl)3 7flo}e^ =^o] A>oloj] 
^tSl =l€[3L H^fl^l^Ei(M5, M6)^ ^sfl^lE|(C2)3- S$3^Ei 
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(Ml)^l *}°]°\] ^^cj-. H^^l^B](M5)fe 33i ^f^(Sn-l)^- 

S^-E^ ^ AlsCSEn-!)^ -§-#*]-JL, B?H^^(M6)^ ^Rd(E n ) 
^ ^% 4lJ> (EM n Hl -§-^*Vtq-. 

t}£-, s. 16-i: % V S*H £ 15^ 5^ ^*H1 cfl^H 

s€^i^ekm3, M5)7> €-&^i=f. B^*iiEKM5Hi ^\n^\mci, 

C2)^=r B^^l^EKMl)^ Tflolesq. AVolofl^ ^1 M^t}. ZL^JL HH-gr^ 

€ ^SflAlEKCl, C2)ofl^ B^^l^(Ml)^ #<3-(Vth)°1 ^-Ejjl 

^V°l efl^^l ^ A]s(SE n ) ^ ^ ^l:£(EM n H ^*fl H^^liE] (M2, M7, M4, 

^#(12 HH^ ^ ^l^(SE n _ 1 )7> sf^l efl^o] s]^ H^^l^Ei(M3)7> ^ 
^^^l^-, S-f e|l5] a] eh Al^(SE n )^l ^*fl B^^^(M7)7> H 
^^I^Ei(Ml)^ cfol^.= ^Efls ^"Efls. ^ ^lJl(SE n -i)^ 

^«fl H^^liEi(M5)7> IgiLHSH 7i3flAlEi(C2)^- ^Eflofl^ M.^ 

^^cf. ^.E]i ^ ^Jl(SE n H 2\n B^^1^e-1(M2)7> 

^lolE^(D m )O.^E^ cflolEi *}^-(I DATA )7l- H^liEKMlHl Jl=7fl ^Cf. 
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(T2))°l ^S\5L, TflojE-^ ^«a-(V GS (T2))^ ^*HHH4 #<a^>7ll ^ 

M7)7> H^HSIji, 511^^ ^ Als(EM n )^l s]*fl H^^1^eKM4, M6)7> H 

£r^. B^S^iBi(M6)7> (CI, C2)^ 7i#^<^l ^ *fl 

^(Ml)^ TflolH-^ ^WcsO^))^ *fll -^HHH$J- ^-<^>7fl 53. 

^o^^lcf. rcj-e^ 6^1 M-h}^ ^s.(i oled ) 7 > B31*1^eKM4H1 

£]*fi -B-71 EL ^KOLEDH ^l^-^^m-. 

^3 *fl7 ^l^W^^r A]^(CSl n) CS2 n )# ^71*1-^^^, olsq. 

^-B] *\]o] Als(CSl n , CS2 n ) ^ *>i4« *fl7il- 7Hl*l-7fl -M^^ 

£ ^3 XI 7 ^HHH afloj A]Ji(CSl n )» ^7>S. A>-g-s>^ ^^1^-, 5. 
15^ 3}3.<*IH B^^l^Ei(M7)» wlU B^£^^Ei(M3)l- ^ A]s(SE n _i) 

<H ^!Jl(CS2 n )l- ^7>S A>-g-s>^ ^^lfe, £ 15^ 2)-^ Sl^oflA^ H^^l^Ei 

(M6)# BBflJL H^1^B](M5)» >M ^l^(SEn-i)^ ^ls(EM n ) tfl^H x]<>| 

*fll ^1 XI 7 -^HHH^r PM0S ^/iE^r NM0S H^fl^l^Ei 
1- A f-§-*H ^S]-$i*l<?h o}6\) *V^sl^l ^rji PM0S, NM0S 

PMOS^f NMOS^ 5)^1- ^§ ^ Stb 71^^- S> 
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cf. SEth -B-7] EL =£:xH jL=^r #fRr H^l^o) ^ ^oj- ^^uj- o]^ 
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1] 

» ^l^Kr 4^T^ ^ A Hd, #7l ^olE^jq- #7l ^Kiofl o^fl ^o^s) 

S^*Hr ^ &*1 #*H1 &<>H, 
#7l s\S.^, 

^(main elect rode) 4 A*)^ H^l^El, 

^1 2 *IH #J:°ll -§-^H #7l ^ 1 S^^l^E|o) ^ ^.y-ofl ^-g-s}^ 
*)U # 0 *M- ^SRr ^7>, 

°1e) ^^Rr ^2 i7>, 

#7l d^f^E^ #7] c-flojEi ^L^-o^l tfl-g-^Hr ^12 #<?M: 

^l^u *fl2 *1# ^7}, ZL^Jl 

*fl3 *H >0jLofl -§-^>^ #7l je^^l^E^^E^ #71 ^.Jg- ;£«-g. 

#71 ^ m ^} 
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^7] XU ^ Xl2 X\^*\JL 9l$r ^7) ^ A}2 

^■7} ^7} ^ ^Hl #*|. 
[^T 1 ^ 2] 

XU*<H S^l, 

^"71 Xl2 XH *]Jl, ^"71 ^ * #7] *fl3 XH T^S *H<>1 

1-5]^ ^ 
3] 

^"71 ^1 Lfl^l ^3 i4 ^ #7] ^11 H€*l^Tr ?§-°4 ^ 

2] 

4] 

A oM XI 1 X13 r^*} # 3<X5i e>Lf^ dl7>^ #7) 

51 

^-71 5^ 5]^^ ^7] 7\]2 X]<X *\3L ofl fi^r^M XU^l ^-7] 

XI 1 H^l^Ei^ Z\}o} ^o\) <£^5\±r XI 4 ^^^1 iXf ^ S^-^H , 
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-*M Xl2 4i*Hr #7) XU H^^l^B^ XH x)l ^ A> 

°H "S^fe *U tSsIWbH ^^M, ^-71 X]l t^J- ^7}^ ^-71 XU 
S^xI^e^o] XU ^ #^.4 ^-7) XH i^Hl ^>^1 Xl2# A>o]oH ^s)^ ^ 2 

7l3flA|E^ Aj- 7 ] ^ U Tl^flAlE^ ^ o^ofl ^ Aj ^ ^ ^ ^ 

6] 

Xl5%Hl 

^•71 Xl2 XH ^IJl^ ^>7l ^A>>yo_^JfE^ A>7l ^1Jl°H, 
5*1 . 

7] 

Xl5%Ml 91°]*], 

Al^s- ^^>^ ^ ^ 

8] 

^ ^"71 XI 1 H^l^!- C^-O] ^EflS ^^^171^ X12 E^]^ ^ ^-71 

<a^^l7l^ XI 3 H^H^l^Eil- S^V^ ^ S^l 
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Wf^ 9] 

Xl5*J-°ll 5d<H^, 

#7l Xl2 XH ^l-^r #7l o]^ ^A>^O.S^-E^ #q A]Jr ^-71 X| 3 

XH #Jl«- ^ 5*1 #*1. 

10] 

Xl9%Ml SH*!, 

#71 sMi 2)5.^ #71 XI 4 ±.*W -S^tt XI 5 4l 

7>« el , 

#7l XI 4 ^ XI 5 rtfl^l i^^r Zj-Zj- ^-71 ol^ ^A}^o.^JjLEi°l ^ a] 
S 3? #71 X13 XH ^1^1 -§-#*H ^ 5^1 #*1. 

11] 

X15^1 $1°]*], 

#7l XI 1 XH ^IJl^ °l*i ^AfAl ^^W-E^ o) ^ ^Xl ^A>AlO. 

S-^Ei^ ^Bfl lf^, ^-71 X12 XH ^]3L^r #7l Oj^i ^A>^O.S.«- 

E121 AjBM A] J: ^ >g-7l X13 XH i^*Kr ^ 3.*} #*1. 

12] 

#7l 2)-4l 2]^^ #7l XI 1 H^fl^l^E^ XH XI l^^l 

#7l Xl2 XH ^lsoll -g-^Rr X14 ^Jfl %l ^7}!- ci 5L^M, 
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#7l XU #7l Xl4 ±7} 9] ^]2^34 #7l X| l B 331*1^ 

#7l X|2 *1# iM-fe- #7l X|4 i7}3 Xl2#-X #71 XI 1 B31*1^ 

EjS] XH ^ *>°H XI 2 TlSflAlE^ #7l XU TlsflAlEi^ ^ 

ofl ol^ll *§#£lfe- ^ &*) #*1. 

13] 

#7l ^em a]^ #71 XU ifl*l XI3 XH #Jl«- ^*Rr XU ^ 4|S. f 

ZLE)J1 #7l CiHEi ^^-1- ^-^Rr XI 2 ^ Sj^# 3 JL^.^, 

#71 XU g XI 2 ^ SlS^ #71 SAl xm°fl 5a33, #71 5. 

Al 71^ ^1<X1 ^3 SIS ^3 ^EflS #^3^ &7iq-, #71 7m 

#71 ^Hd, Aj-71 C-llolEl^ gj Aj-71 X| 1 ±.7}9\ ^H*V #1-B 3^ ^ 

^3<H sa^r ^ a*l #*1. 

I^U" 14] 

S># #S» 33^ XH3 ^iHRr 4^21 CilolE^, ^ #^ 

# ^SKr 4^3 ^Hd, H5lol #71 cflolE-1^4 #7l ^^oll Sjsfl ^^51 

4^3 5h±:Xl Zj-Zj- *g#5q^ 4-^3 5|S7> ^AjSM ol^ ^ K X\ 
#^fil SAl ifl^ofl 

#71 SlSfe, 

XU *I<?M- XU XU ^ #^-<X <a^3^ XU H^N^eI, 
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XI 1 H^l^EiS] XI 2 ^ z\]o)b\#o\) A>ol<Hl 

# 7 | ^A}^0_5.JjLEi3 X|l X\S.6\] <i)3i\ XH^ X|l ifl^l :&.*>, 

#71 Xll e^^j^E^ ^ ^Xl xll^l o^sq^ x]2 XH a]Ji<H1 
«fl XH^ X13 i^^i ±.7}, 

^7} Xll H^l^E^ X12 ^ XI 1^1 X13 XH *IJl<H| 

XHs)^ XI 4 iSRi 

oiy^s)^ ^^.ofl cfl-g-^H t^}*l ^-71 XI 4 i$Rl X^W 

X12 W*Hr X|2 *M°fl <33£|Sr ^ iX, 

#7l X13 i^^l ±7.}?} nfl XU S^^iE^ XH ^.^-32^ 

XI 1 ^ ^ 4°11 Xll 7-l^V ZLSlJL 

-S-71 XI 3 i^H 1 ±7}7\ iH nfl ^-71 XI 1 H^l^E^ XH ^i^" 

4 XU ^ ^ AVolofl o^S)^ XI 2 7-1^- d^7> 

[^T 1 * 15] 

XU4*J-«H1 9X^*\, 

^7] X12 7-1^" ±7}Sr ^7l XI 1 H^^liE^fil XH #^--4 XU ^ Af 
°H ^^51^ Xll 71X1^1 EH- £t«M, 
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^7] XU ^7) X]l m^l^Ei^ XU ^ ^^-4 ^7] Xl3 ^ 

^>S] Xl2# A}olofl <g^5l^ ^2 ^^AlE^ ^-71 XU ^X^E^ ^ <£ 

[^^D- 16] 

XU Xfl*l Xl3 XH ^Jl^T *m Xfl^ AlJ^ofl ^gfl 

^^H, #7} 3L*\ ^7} X]l ifl^l X|3 ^IJl^ Cl i^Rr s.*\ xm 

17] 

^-7) XI 1 ^^MMfe #7l XI 1 ^ X12 XH ^1^7> ^loflol^. ^7>,g- 7>7l^ 
^7} X12 ^*HH^b XI 1 XH ^12. ^ X]l ^ ^lS7> ^oflol 

^-71 XI 3 ^^MMfe ^7l XI 2 ^ XI 3 XH 4l3L7> °H]ol-& ^7>-g- 7fXb 
[^T 1 * 18] 

XI 15^] 5U°H, 
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#7] X]2 XH HSL^r ^7} ^}^<LS.^-B\9] #71 XU Ajgj Ajlolu], 
7] Xl3 ±7}±r #7} ^ ^iofloU- ^^1^ ^fr^fe g_X\ 3fl 

19] 

<#7] s[± 5\S.±r XU, X]2 ^ X]3 ^JLS 

#7} *U T^^HM^ ^"71 X]l X]<X ^1^7> ^ oil Oil- ^^M" 7>*H, 
#7] Xl2 ^HH^ir ^7l XU XH 53 # 7 ] XU A1J:7> ojoflol 

^71 X]3 ^^HMfe 41-71 Xl3 XH ^}Jl7> 9jollo}^- £A} 

201 

*i|i9*<MI 5U<>H, 

^■71 XU XH ^llb ^7l X|l ^1* ^Jl7> ^MH^S^ ^^HM 
[$^# 21] 

#7] xi i XH HsL^, ^-7) x]i ^ ^ 4>7i xi l ^ ^ 

*1 °JXH# ^^r-i- 7>^1^ o}74 ^A\#o_g_if&\$\ XI 2 ^Uj , 
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#7] *fl2 4i7>Rf, #7l ^12 ^ *fll 4lJro]) ^ -g-i=HH ^"71 
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